Some important landmarks
When Prosper Meniere presented his paper to the Paris Academy of Medicine in 1861, it was violently opposed. In an era when patients with this disease were considered to be suffering from variants of epilepsy or apoplexy, Meniere's great contribution was to draw attention to the inner ear as the source of the diverse symptoms and signs of the condition which bears his name. For those who wish to read his paper either in the original French or translated into English, the centenary publication by Atkinson (1961) is readily obtainable.
In 1938, Hallpike & Cairns (from The London Hospital) published the histopathological findings in the temporal bones of two patients with Meniere's disease who had both died soon after posterior fossa VIII nerve section. This was the first description, in English, of the idiopathic hydrops of the pars inferior characteristic of the disease. They also drew attention to the fibrosis surrounding the endolymphatic sac. Since then, their findings have been confirmed time and again.
Although there had been previous attempts to produce animal models of endolymphatic hydrops in different animals, Kimura & Schuknecht (1965) consistently achieved this in guinea pigs by obstructing the endolymphatic duct. Kimura (1967) subsequently demonstrated that the scala media volume increased by, on average, 40% during the first 24 hours after ablation of the duct, and thereafter slowly enlarged over several months. Eventually the saccule became grossly distended and atrophic changes took place in the stria vascularis and neurosensory structures of the cochlear apex. The pars superior .remained relatively normal. It has since been ascertained that in different experimental animals (e.g. cats, rabbits, monkeys) much longer survival times are necessary before significant hydrops of the pars inferior develops. There is no concrete evidence as to what time interval is required in man, but the histopathological changes in human Meniere's disease are essentially similar to those in the animal models.
It seems to me that the most recent important contribution towards an understanding of some of the complexities of Meniere's disease has been the introduction, made possible by electronic averaging techniques, of transtympanic electrocochleography. The clinical method was developed in Bordeaux by Portmann and his colleagues (1967) . Not only does this assist with diagnosis and prognosis, but it allows constant monitoring of the electrical responses of the human ear to acoustic stimulation during oral or parenteral medication of one sort or another.
Diagnostic and prognostic factors
The fully developed symptom complex presents little diagnostic problem, though it should still be differentiated from certain diseases which may affect the otic capsule such as late syphilis. Diagnosis in the prevertiginous stage, which can last several years, when the complaint may be tinnitus only or sudden or fluctuant hearing loss, presents more of a challenge. This also applies to the unusual 7% of cases which present with vertigo as the initial and only symptom, and with a history longer than six months (Morrision 1975) . In such patients a number of investigations may help.
Audiological tests will, of course, confirm a sensory hearing deficit. Loudness discomfort may be greater in the affected ear and this can sometimes be shown objectively by lowering of the acoustic (stapedial) threshold even in the presence of 'normal' hearing. In these earlier stages any hearing loss is almost sure to show significant temporary threshold gain and/or marked improvement in speech discrimination following glycerol dehydration. It is important with this test to confirm dehydration by showing a rise of plasma osmolality of at least 10 mmoljl, I-It hours following ingestion of 1.5 ml glycerol per kg body weight. Confirmatory objective evidence that dehydration has diminished the hydrops of the cochlear duct is forthcoming by preand post-glycerol testing with the otoadmittance bridge; the increased ease with which a probe tone of 660 Hz can enter the inner ear is reflected by a positive change in the maximum conductance. These improvements in conductance are statistically correlated to the changes in the pure tone and speech audiograms.
In response to acoustic stimuli at high intensity, the normal compound action potential, elicited by transtympanic electrocochleography, shows a small negative summating potential. This is thought, but not proved, to be due to non-linearity of the basilar membrane which may vibrate more freely towards the scala media. In ears affected by endolymphatic hydrops, whether idiopathic or secondary, this negative summating potential is enhanced, often greatly so. There is a relationship between the severity of the hearing loss and the degree of enhancement of this potential, yet an abnormal action potential/summating potential waveform can be elicited in about 20% of ears with 'normal' or near normal hearing prior to the development of the full clinical picture. Therefore, it is sometimes possible to be fairly confident about the very early diagnosis of hydrops and this has special relevance to bilateral disease. A more detailed description of these tests and investigations has recently been published (Morrison et al. 1980) .
In the earlier stages of Meniere's disease the abnormal waveform may be temporarily improved during glycerol dehydration (Moffat et al. 1979) . It is, however, most unusual to find spontaneous alterations in the degree of negative summating potential with the fluctuations in hearing and discrimination, at least over a period of several years. The electrocochleogram findings seem to reflect the chronic state of the membranous labyrinth. However, after endolymphatic sac surgery, there is a group of patients, followed by serial studies, in whom clinical remission and recovery of hearing are associated with a reversal of an abnormal to a normal waveform.
More recently, continuous electrocochleographic recordings have been carried out following the intravenous administration of a single 500 mg dose of the diuretic, acetazolamide. This is a carbonic anhydrase inhibitor. The surprising but consistent finding has been temporary increase in the negative summating potential associated with a deterioration in the pure tone and speech thresholds. These changes are recorded only in ears affected by hydrops and showing an abnormal waveform prior to the test dose. The mechanism is still under study. It may be related to an initial fall in the plasma osmolality which subsequently rises above the pre-test osmolality level, since I-!-2 hours after the injection the maximum conductance increases (as it does following glycerol). On the other hand, carbonic anhydrase is found in high concentration in the endolymphatic sac and the stria vascularis especially in the apical coil, and in the cat acetazolamide administration (in very large dosage) causes a dramatic fall in endolymph potassium (Erulkar & Maren 1961) . When our investigations into the acute effects of this drug are complete, they may shed further light on the factors responsible for the enhanced negative summating potential so characteristic of Meniere's disease.
The audiological response to glycerol dehydration and the electrocochleogram waveform have a bearing on prognosis. The better the response to dehydration and the more normal the waveform the better is the outlook, at least for several years following endolymphatic sac surgery. This applies to both the hearing result and the control of vertigo, for it is unusual in the established stages of the disease to find one improve without the other. Other factors which point to a more favourable prognosis are a history of less than two years and normal as opposed to depressed Hallpike caloric tests in the affected ear.
In general terms, it should not be forgotten that there is no cure for Meniere's disease. Fairly long remissions are certainly possible in the earlier stages. The longer patients are followed the worse the hearing becomes and the more likely is the disease to become bilateral. After 20 years, for example, some 45% of cases are bilateral (Morrison 1975) . In my experience of some 800 cases, I would say that the condition rarely 'bums itself out'; true, with increasing auditory and vestibular loss the prolonged acute paroxysms of vertigo may be replaced by shorter episodes; they are also replaced by varying degreees of permanent instability, episodes of transient positional or movement-induced vertigo, dizziness induced by visual stimulation, and even drop attacks. These patients never feel 'right in the head'. Dean Jonathan Swift, who suffered from Meniere's disease, put it succinctly: 'That old Vertigo in his head, Will never leave him, till he's dead'.
. Within a few years of the onset of the condition, some 10%of sufferers are already crippled in terms of normal everyday existence. The prognosis is especially bad in that small group of patients with a childhood onset. Twenty-one of our patients fall into this category and, already, the disease is bilateral in 67% and 38% have lost all useful hearing in one ear. These are the potential candidates for cochlear implants once the multichannel problems have been overcome.
Predisposing factors
Generalized metabolic and allergic problems have been blamed as aetiological or aggravating factors. We have found in Meniere's disease that the incidence of hyperlipidaemias, of diabetes or abnormal gucose tolerance tests, of thyroid malfunction, of autoimmunity and of food allergies does not differ from control populations (Moffat et al. 1979) . One has the impression that hypothroidism has an adverse effect on the course of Meniere's disease and replacement therapy should obviously form part of the management. Likewise some sufferers, on intradermal testing, have evidence of marked food allergies especially to coffee, chocolate, butter, cheese or certain cereals; these patients are normally advised to avoid the relevant foods.
It has been suggested that Meniere's disease patients are more likely to be blue-eyed. I have recently compared 135 patients with a control group, matched for age and sex, and found no difference in the iris colours in the two groups.
The distribution of ABO blood groups among 148 Meniere's disease patients shows a preponderance of Group A (51%) compared with Group 0 (36%). These figures are not quite significant at the 5% level compared with a control group of 141 patients with otosclerosis (Group A 45%; Group 0 47%). A larger series will be examined.
The association of migraine and Meniere's disease is well recognized. This is confirmed from our data. In a random sample of 190 of our patients, one-third also suffered from migraine, usually prior to the onset of the otological symptoms which frequently replaced the migraine. A family history of migraine in first, second and third degree relatives was found in 30% of these patients, mostly in those who were afflicted by both conditions. Considering this apparently obvious hereditary tendency to migraine, it was surprising to find that only 5 (2.6%) had a family history of Meniere's disease.
Primary basilar impression is a fairly rare condition in otological practice. It illPpears to be an hereditary disorder (Bull et al. 1955) . A full description is given by Northfield (1973) . The basiocciput is deformed and the rim of the foramen magnum, the condyles and the neighbouring bones are invaginated upwards into the cavity of the posterior fossa. The clivus is shortened and the odontoid process and the petrous bone pyramids are elevated. The brain stem and lower cranial nerves are involved including the VIII. Symptoms usually start between the ages of 10 and 50 years. Vertigo, tinnitus and deafness form part of the clinical picture. Elies & Plester (1980) have recently drawn attention to the importance of minor degrees of this abnormality being confused with Meniere's disease.
We have made studies of lateral skull X-rays in two groups of patients, those with undoubted Meniere's disease and a control group with acoustic neuromas. Various measurements have been used of which the simplest is Chamberlain's line from the posterior edge of the hard palate to the posterior lip of the foramen magnum. In the control group the tip of the odontoid process is more often than not below or level with Chamberlain's line; in the Meniere's group the majority of the odontoid processes are level or above the line. Fuller publication of this data will be forthcoming, but it would appear that Meniere's disease patients have a tendency, possibly inherited, to a minor degree of basilar impression.
It is very tempting to relate this to the abnormal position of the vestibular aqueduct which is found in almost all patients with Meniere's disease. There is a more acute angulation of the inverted J course of the duct and sac, so that the distal end of the sac lies more inferiorly and medially (Stahle & Wilbrand 1974) . Those who have extensive experience of endolymphatic sac surgery and of translabyrinthine surgery can have no doubt about these anatomical and developmental differences. Furthermore, in the Meniere's cases the extrapetrous smooth portion of the sac is usually narrower and surrounded by fairly dense sclerotic bone. Lateral tomographic X-rays will usually show this feature and the disposition of the vestibular aqueduct. With few exceptions, we are not convinced that such X-rays can distinguish patency or nonpatency of the endolymphatic sac system.
Emotional factors have been considered important and indeed some have strongly supported a psychosomatic aetiology. Stephens (1975) has recently reviewed the evidence for this; among other tests he used the Middlesex Hospital Questionnaire which we have also employed. With this simple personality test he found significantly higher mean scores for five of the traits under study (free floating anxiety, phobic anxiety, obessionality, somatic .anxiety and depression) in a small group of patients with undoubted Meniere's disease compared with control groups. The hysteria mean scores did not differ.
I have examined the scores in 99 male and 77 female patients with Meniere's disease, and compared the mean scores with those quoted as normal from general practice in the manual of the Middlesex Hospital Questionnaire' (Crown & Crisp 1970) . Using Student's t test, the Meniere's disease patients' mean scores are significantly higher for all the groups excepting hysteria in females and phobia anxiety in males. The total scores, which give a measure of general emotionality, also show significantly higher mean scores compared with controls. However, it is unsatisfactory using someone else's control figures, when individual values are not available and a normal distribution has to be assumed. It is proposed to collect a proper control series before publishing all the data. Clinically there can be little doubt that stress is a precipitating or aggravating factor in a percentage of patients who have developed the disease. I do not, however, consider this to be a psychosomatic disorder.
Many factors can affect plasma osmolality in health and disease. Emotional stress can cause an increase .in antidiuretic hormone release from the posterior lobe of the pituitary gland, with resultant water retention by the kidney and a reduction in plasma osmolality. It is tempting to suggest that fluctuations in the osmolality of the blood may cause fluctuant hearing loss and bear some relationship to the active and quiescent stages of Meniere's disease. Angelborg et al. (1973) considered this possibility after noting that the mean plasma osmolality in some 50 patients with endolymphatic hydrops was 295 mmol/kg compared with 286 mmoljkg in a control group; they considered the slight hyperosmolar state an attempt by the regulating mechanisms to minimize the endolymphatic hydrops. This hypothesis has not been put to the test. Furthermore, as part of the protocol of investigation at The London Hospital, osmolality studies in 300 patients with Meniere's disease have shown a mean level of 288 mmoljkg with a standard deviation of 9 mmoljkg -well within normal limits.
Endolymphatic duct and sac
The evidence that obliteration of the endolymphatic duct or severe damage to the sac leads to hydrops of the pars inferior seems uncontroversial. Apart from the animal models, there is the example of late syphilis in man. As early as 1936, Mayer & Fraser described the narrowing or obliteration of the lumen of the duct due to granulation tissue and gummatous infiltration, especially in the area of the sinus or isthmus, with gross dilatation of the endolymphatic pars inferior proximal to the obstruction. Their findings have since been confirmed many times. Blockage in this area by squamous cell carcinoma leading to hydrops has also been described (Zechner & Altmann 1969) .
In 1970, Arenberg et al. reviewed the post-mortem evidence, to that date, of pathological change in the human endolymphatic duct and sac in Meniere's disease. The majority of the specimens showed extensive fibrosis replacing the normal loose vascular tissue surrounding the sac, with varying degrees of narrowing or obliteration of the lumen, frequent collections of colloidal or proteinous material in the lumen and variable changes in the epithelium. However, a few looked fairly normal to sight microscopy. The numerous reports in the literature since 1970 bear out this evidence of sac pathology which is variable and sometimes patchy in distribution. The histological appearances of the sac change with age. They have been described by Zechner & Altmann (1969) , though in normal temporal bones, even in the elderly, they were never able to find perisaccal fibrosis comparable to that in Meniere's disease.
In more recent years attention has been turned to the ultrastructual changes in the endolymphatic sac and other parts of the membranous labyrinth in Meniere's disease. Both transmission and scanning techniques have been used. An extensive bibliography is building up. One of the difficulties, of course, is to compare findings with those in normal patients, or in experimental animals. It appears that the most active metabolic area is the largely intrapetrous rugose portion of the sac where the 'light cells' are concerned mainly with pinocytosis and the 'dark cells' with phagocytosis. The characteristics are those of epithelia involved in fluid, ionic and larger particle exchange.
During translabyrinthine removal of acoustic neuromas or other lesions of the angle or petrous apex, there is an excellent opportunity to obtain fresh specimens of the contents of the vestibule, the ampullae of the membranous ducts, the intrapetrous portion of the endolymphatic .sac and sometimes the cochlea for e1ectronmicroscopy. Even though it is recognized that such samples are not obtained from normal ears, they do form a control group. Similar biopsy material has been obtained from many patients with late Meniere's disease who have undergone total osseous and membranous labyrinthectomy; the only sure way of destroying all the neuroepithelium. We now have hundreds of transmission electron photomicrographs which have been partially analysed. It is too early to make dogmatic statements on our findings but one can say that, as far as the sac is concerned, the changes in Meniere's disease are very variable. Some areas of epithelium can appear almost normal, while in others there is total loss of cellular structure apart from basement membrane and nuclear debris; electron dense material is a frequent finding in the lumen; and subepithelial fibrosis is usually confirmed and frequently extensive.
It is well recognized that endolymphatic hydrops may follow inflammatory or toxic contamination of the inner ear fluids. Schuknecht (1974) describes this as a nonprogressive condition. Zechner & Altmann (1969) give excellent examples of endolymphatic hydrops secondary to healed labyrinthitis where there is bony obliteration of the isthmus, secondary to meningitis/labyrinthitis where the lumen is blocked by leukocytes and fibrosis, and secondary to petrositis where the isthmus is destroyed with granulation tissue. In our large series of patients with Meniere's disease there are several with a past history of childhood meningitis or nonbacterial encephalitis, or of sudden childhood loss of hearing in the other ear, presumed viral, which may have had an aetiological significance.
I have made no attempt in this short presentation to explore the complex and frequently controversial evidence on the formation, composition and movement of endolymph and perilymph in the normal ear, or in ears affected by endolymphatic hydrops. From human temporal bone sections and measurements, I have calculated the total volume of endolymph as circa 25~l and of perilymph 160 ul. With total inner ear fluids measuring only 0.2 ml, it is not surprising that data from Meniere's cases is scanty and possibly unreliable. This is an area of investigation we hope to pursue with some of the newer operative approaches which give direct access to the contents of the vestibule and the basal coil of the cochlea. So far we have only examined fluid from the vestibule in late cases and found the mean level of proteins to be 4.4 gil with 95% confidence limits of 3.2 -5.6 gil. These figures are higher than those quoted by Silverstein & Griffin (1970) .
Summary
The otological practice at The London Hospital provides very large numbers of patients with Meniere's disease from a busy department. This clinical material has been utilized as much as possible, without research assistants or funds, to examine some clinical and pathological aspects of the disease which might have a bearing on aetiology. The investigation procedures which are likely to lead to an earlier and more certain diagnosis are outlined and prognostic indicators are mentioned. It would appear that there may be an hereditary predisposition to progressive idiopathic endolymphatic hydrops. Potential sufferers tend to have migraine, a family history of migraine, minor degrees of basilar impression associated with an abnormally located endolymphatic duct and sac, a more emotional personality, and possibly an association with blood group A.
The experimental and clinicopathological evidence supports the view that the endolymphatic duct and sac have an important role in the pathogenesis of both idiopathic and secondary hydrops. Ultrastructural examination is continuing and may shed more light on the pathology at a cellular level.
There is, as yet, no cure for Meniere's disease and sufferers will be incapacitated in varying degrees, often severely, for the rest of their days.
